Introduction
Pork plays an important role in the economy and human nutrition. To be competitive on the market, production efficiency must be maximized and must take into consideration the quality aspects of meat. The quality concept has become dynamic and includes diversity, functionality, nutritional value and safety. Furthermore, animal environmental and welfare aspects and production systems are also considered components of meat quality. Existing strategies allow meat and meat products to be modified by adding ingredients considered beneficial for health that eliminate or reduce components considered harmful. To improve the nutritive value of meat, its fatty acid composition has been manipulated by dietary means to increase the proportion of unsaturated fatty acids. Several studies have focused on how the fatty acid composition of pork is influenced by different feeds. In general the relative levels of polyunsaturated fatty acids (PUFA) increase when pigs are administered feed admixed with highly unsaturated components ABSTRACT. The present study aimed to establish the effects of grass meal and duration of feeding it on the carcass chemical composition, and on the intramuscular fat (IMF) concentration and fatty acid composition of the musculus longissimus dorsi (MLD) in 48 pigs growing from 25 to 105 kg body weight (BW). The pigs were fed a commercial diet (C) or a diet containing 20% grass meal (GM). Changes of the chemical components in the carcass and intramuscular fat of the MLD were estimated using the comparative slaughter method. The animals were slaughtered at 50, 80 and 105 kg BW. Pigs consuming the grass meal diet grew more slowly (by 9.2%; P = 0.007), but they had similar amounts of protein, ash and water (average 9.9, 1.8 and 35.9 kg, respectively) and less (by 18.4%; P = 0.001) fat in the carcass compared with those fed the commercial diet. Pigs fed the GM diet had approximately 20% less IMF (P = 0.003), lower (P = 0.024) concentration of saturated fatty acids (SFA) and higher (P = 0.047) concentration of polyunsaturated fatty acids (PUFA) in the MLD than pigs fed the C diet. The GM pigs also had a higher concentration of C18:3 n-3 (linolenic acid; P = 0.047) and tended to have a lower (P = 0.091) C18:2 n-6/C18:3 n-3 ratio in the MLD than C pigs. The PUFA/ SFA ratio remained low, but was more beneficial in the pigs fed the GM diet compared with those fed the C diet (0.40 vs 0.35, respectively; P = 0.102). (Raj et al., 2010; Kouba and Sellier, 2011) . Some authors (Webb and O'Neill, 2008) , however, point out that the unsaturated fatty acids deposited in pork fat through supplementing feed with fat (e.g., vegetable oil) are readily oxidized, and that this is one of the factors responsible for deterioration of meat quality. In this context, the appropriate reasonable use of roughage in pig feeding is of interest. Jonsäll et al. (2000) found a relatively high level of PUFA in the loins of free-grazing outdoor-reared pigs compared with the loins of pigs fed conventional feed. Also studies by Jakobsen (1995) and Świątkiewicz and Hanczakowska (2007) indicate that addition of fresh grass, silage or herbs to conventional diets altered the fatty acid composition of pork to one with a ratio of unsaturated to saturated fatty acids that is more beneficial for humans. Hansen et al. (2006) showed that pigs fed a diet with clover silage had a significantly higher meat content (by 8.2%) in the carcass, as well as thinner loin backfat (by approximately 22%) in comparison with pigs fed according to Danish recommendations.
Therefore, it may be assumed that the type of feed manipulation may affect the fat and meat/protein content in the body of pigs. This may occur not only in the whole body/carcass, but also in the muscle, and consequently the profile of fatty acids in the intramuscular fat (IMF) may be modified. In the current study, grass meal was added to the diet as a roughage component introducing PUFA into the commercial diet.
The aim of this study was to establish the effect of supplementing a commercial diet with grass meal and the duration of feeding on the growth rate, content of chemical components in the carcass, intramuscular fat concentration, and fatty acid composition in the musculus longissimus dorsi of growing pigs.
Material and methods
The experimental procedures used throughout this study were performed in accordance with Polish ethical guidelines and approved by the Local Ethics Committee for Animal Experimentation in Warsaw (Poland).
The environmental conditions in the piggery, i.e. air temperature (18-20 °C), humidity (60-70%) and air flow (0.2-0.4 m · s -1 ) were regulated by a Fancom ventilation system (Fancom BV, NK Panningen, the Netherlands) and were in compliance with Polish law (Regulation of the Minister of Agriculture and Rural Development, 2003) .
Animals and diets
Forty-eight crossbreed gilts (♂ Duroc × ♀ Large White) with a body weight (BW) from 25 to 105 kg were kept individually in 2.6 m 2 pens equipped with an automatic feeder and nipple drinker. The animals were fed ad libitum two granulated diets: commercial (low-fibre diet, group C, n = 24) or experimental containing 20% grass meal (high-fibre diet, group GM, n = 24). The C diet was based on cereals and soyabean meal, whereas the GM diet was formed by mixing diet C with 20% of commercial grass meal. The grass meal added to the diet was a roughage component, moreover, it introduced more PUFA. Standardized ileal digestible amino acids and metabolizable energy of the diets were calculated according to Degussa (2001) and RFES (2003) . Feed intake and BW were measured weekly.
Changes of the chemical components in the carcass and of the musculus longissimus dorsi (MLD) were determined using the slaughter method described by Kotarbińska (1971) . Within each group the pigs were slaughtered at 50 (±1.3; n = 8), 80 (± 2.4; n = 8) and 105 (± 2.9; n = 8) kg BW. The composition and nutritive value of diets, concentrations of fatty acids and carcass composition are presented in Tables 1, 2 and 4, respectively.
Sample collection
The pigs were slaughtered after 16 h of starvation using an electrical stunning (STZ 3 apparatus, P.P.H. MASTER Sp. J., Poland) at the experimental slaughterhouse of the Kielanowski Institute of Animal Physiology and Nutrition Polish Academy of Sciences in Jabłonna (Poland). The same procedure was used regardless of slaughter BW. The blood from exsanguination was collected. After slaughter, the viscera were removed and the gastrointestinal tract was emptied. The carcass and non-carcass parts (viscera, blood and hair) were weighed separately. Carcasses were chilled for 24 h at 4 °C and next the right half-carcass was dissected into soft/edible tissues (ST -meat and fat), bones and skin. Inedible parts (IP -bones, head, feet and skin) were autoclaved for 12 h. Further, the ST and IP parts were homogenized and samples (500 g) were taken to determine chemical components. The protein, fat, ash and water contents in the carcass were calculated as a sum of their content in the ST and IP. From the left half of each carcass the entire MLD was separated, ground and a random sample of 500 g was taken and homogenized. Next, all samples of MLD were packed into vacuum bags, frozen and kept at -40°C until analysis of the ether extract (fat) and fatty acid composition.
Chemical analysis
The contents of dry matter, ash, crude protein, crude fibre and ether extract in the diets were determined according to AOAC (2011; procedure No.: 934.01, 942.05, 984.13, 978.10, 920.39, respectively) . Lipids of diets and MLD samples were extracted with chloroform-methanol (2:1) according to the method described by Folch et al. (1957) and methyl esters were prepared by esterification with thionyl chloride (4% in methanol) and extraction with n-heptane. Fatty acid methyl esters were separated by gas chromatography on a GC-2010AF Shimadzu gas chromatograph (SHIMADZU Europa GmbH, Duisburg, Germany), equipped with a BPX70 capillary column (length 60 m, internal diameter 0.25 mm, film thickness 0.25 µm). The operating conditions were: carrier gas, helium; split ratio, 1:100; injector and detector temperature, 260°C; the initial column temperature of 140°C was held for 1 min, then increased to 200°C at a rate of 4°C·min -1 , then increased to 220°C at a rate of 1°C·min -1
. Individual fatty acid peaks were identified by comparison with the Supelco 37 Component FAME Mix (SUPELCO, Bellefonte, USA) commercial standard.
Statistical analysis
Statistical analysis was performed using Statgraphics Centurion software (version 16.1.18; 2011; StatPoint Technologies Inc. Warrenton, USA). The effect of diets and duration of feeding on the chemical components of the carcass and fatty acid profile in the MLD of pigs were analysed using two-way ANOVA. The significance of differences between means was tested with the least significance (P< 0.05) using Student's t-test.
Results

Performance and content of chemical components in the carcass
The metabolizable energy and digestible protein (standardized) contents in the commercial diet were higher than in the grass-meal feed (13.1 vs 11.6 MJ and 120 vs 100 g·kg -1 , respectively; Table 1 ). The differences in the fatty acid composition between the C and GM diet were considerable, with more highly unsaturated fatty acids in the GM feed. The C diet contained 9.4 g·kg -1 of PUFA, while the GM diet contained 13.8 g·kg -1 (Table 2) . Content of saturated fatty acids (SFA) did not differ between groups (average 5.3 g·kg -1 ), however, the mono- 5.6 3.9 18:2 n-6 8.0 5.0 18:3 n-3 1.4 8.8 20:1 n-9 0.11 0.05 20:3 n-6 nd nd 18:2 n-6/18:3 n-3 5.7 0.57 1 see Table 1; 2 SFA -saturated fatty acids; 3 MUFA -monounsaturated fatty acids; 4 PUFA -polyunsaturated fatty acids; 5 PUFA/SFA -ratio of polyunsaturated to saturated fatty acids; nd -not determined unsaturated fatty acids (MUFA) content was lower in the GM than in the C diet (4.0 vs 6.2 g· kg -1 ). The pigs fully accepted the feed supplemented with grass meal, which accounted for approximately 10% of the total energy intake.
The average daily feed intake did not differ between groups of pigs, however, pigs fed GM diet consumed on average 8.6% less (P = 0.049) metabolizable energy and approximately 12% less (P = 0.009) digestible protein than those of group C (Table 3) . Moreover, the average daily gain of pigs fed the GM diet was lower by 9.2% (P = 0.007) than pigs fed the GM diet. Consequently, GM pigs took 5 days more (P = 0.05) to reach 105 kg BW, and the feed conversion ratio was worse as they need 0.30 kg more (P = 0.047) feed per kilogram body gain than C pigs.
There were significant differences among pigs from group C and GM in empty body weight (EBW) and carcass weight. The EBW of the C pigs was higher (P = 0.029) compared with the GM pigs (74.1 vs 73.1 kg; Table 4 ). Similarly, the carcass weight of the C pigs was higher (P = 0.001) than of the GM pigs (62.7 vs 61.0 kg). Along with increasing EBW, the carcass chemical components of all pigs (group C and GM) increased (P < 0.001). However, only the fat content in the carcass of pigs fed grass meal was lower by 18.5% (P = 0.001) than of pigs fed the C diet.
Regardless of group (C or GM), along with increasing EBW the carcass chemical components increased (P = 0.001), however, only the fat content in the carcass of pigs fed GM diet was lower by 18.5% (P = 0.001) than of pigs fed C diet. Table 1 ; ABC, abc means with different superscipts within a row (body weight) or column (diet/group) are significantly different at P < 0.01 or P < 0.05, respectively Table 1; 2 ME -metabolizable energy intake; ABC, abc means with different superscipts within a row (body weight) or column (diet/group) are significantly different at P < 0.01 or P < 0.05, respectively
Fatty acid concentrations in the musculus longissimus dorsi
Pigs of the GM group showed a tendency towards a lower (P = 0.068) mass of the MLD and lower (P < 0.003) content of IMF compared with the control animals (2.23 vs 2.41 kg and 1.6% vs 2.0%, respectively; Table 5 ). The concentration of SFA was lower (P = 0.024), however, the PUFA concentration was higher (P = 0.047) in the GM than C pigs (36.7% vs 38.6% and 14.4% vs 13.5%, respectively). Pigs of the GM group had lower (P = 0.044) concentrations of palmitic acid (C16:0), while the concentrations of palmitoleic (C16:1 n-7) were higher (P = 0.038) compared with the C pigs (23.08% vs 24.26% and 2.94% vs 2.55%, respectively). The diets had no effect on the concentration of linoleic acid (C18:2 n-6, average 11.46%), however, the concentration of linolenic acid (C18:3 n-3) was lower (P = 0.047) in the C pigs compared with the GM pigs (0.49% vs 0.59%). For this reason the GM pigs showed a tendency towards a higher (P = 0.102) PUFA/SFA ratio and tended to have a lower (P = 0.091) C18:2 n-6/C18:3 n-3 ratio than C pigs (0.40 vs 0.35 and 22.5 vs 20.1, respectively). As the BW of pigs increased from 50 to 105 kg, the concentration of SFA and MUFA increased from 36.0% to 39.2% (P = 0.014) and from 43.9% to 48.1% (P = 0.001), respectively, while the concentration of PUFA decreased (P < 0.001) from 19.5% to 9.9%, respectively. The concentration of palmitic acid (C16:0) was higher (P = 0.002) in pigs slaughtered at 80 and 105 kg BW compared with those slaughtered at 50 kg BW (average 24.12% vs 22.78%, respectively). The pigs slaughtered at 80 and 105 kg BW had higher (P = 0.009) concentrations of oleic acid (C18:1 n-9) than those slaughtered at 50 kg BW (average 44.10% vs 40.82%, respectively). The concentration of palmitoleic acid (C16:1 n-7) tended (P = 0.099) to increase from 2.5% at 50 kg BW to 3.0% at 105 kg BW. The concentration of C18:2 n-6, C18:3 n-3, and C20:4 n-6 decreased during growth of the pigs from 50 to 105 kg BW, as the heaviest animals had the lowest (P < 0.05) concentration of these fatty acids. The PUFA/SFA and C18:2 n-6/C18:3 n-3 ratios in the pigs at 50 kg BW were higher (P = 0.001) than in those at 80 and 105 kg BW (0.54 vs 0.30 and 30.7 vs 16.7, respectively) .
Discussion
The contents of fat and unsaturated fatty acids, the PUFA/SFA and C18:2 n-6/C18:3 n-3 ratios in pork fat influence the meat's nutritional value for humans (WHO/FAO, 2003) . Recently, research has focused on how to modify the fat content and the fatty acid composition of pork to improve its nutritional quality. Grass meal is an alternative feed component with a high content of unsaturated fatty acids.
Our study tried to show how supplementation of conventional feed with grass meal would impact growth, carcass chemical components, fat content and fatty acid composition of the MLD in growing pigs. In our study, the pigs consuming grass meal feed grew more slowly, but had less fat in the carcass than the pigs fed the commercial diet. However, they stayed in the experiment for about 5 days longer than C pigs and, consequently, they consumed more feed (for about 12%). This resulted in similar total consumption of metabolizable energy (2812 MJ) and digestible protein (31.8 kg). Moreover, due to a similar ratio of essential amino acids, they also consumed a similar total amount of lysine, methionine, threonine and tryptophan as the C pigs (1.7, 0.53, 0.96 and 0.29 kg, respectively) . The differences in the body fat content of the pigs were in agreement with the results of Skiba et al. (2006) in pigs in the same weight range. During growth, the proportion of energy available for fat deposition in pigs fed a conventional diet increases so that the rate of de novo fatty acid synthesis is increased (Enser et al., 1996) . However, during growth the proportion of energy available for fat deposition in pigs fed grass meal is lower and, the rate of de novo fatty acid synthesis is decreased. Hansen et al. (2006) showed that feeding pigs diets with clover silage can improve carcass and meat quality. In comparison with conventional feeding, the experimental carcasses were characterized by a significantly higher meat content (by 8.2%), as well as thinner fat around the loin (by 22%).
Moreover, the literature data indicate that a lower body fat content can also reduce, to some extent, the IMF content in the meat. In the present study the IMF content in the MLD was lower in the pigs fed the GM diet, doubtless due to the lower energy content of the feed. This was also found in a study on pigs (Skiba et al., 2009 ) and steers (Schoonmaker et al., 2004) . Moreover, Scerra et al. (2007) showed that feeding ewes with pasture increased the PUFA content in the IMF of their lambs compared with diets consisting of concentrate. Sundrum et al. (2000) found that the IMF content in the MLD can be increased by a reduction of the crude protein (lysine)-to-energy ratio in the diet without increasing backfat thickness.
Our study was also focused on the effects of grass meal in the diet on the fatty acid composition in the MLD. The higher content of PUFA in the MLD of pigs fed a GM diet was due to a higher level of these fatty acids in the consumed diet. The grass meal diet contained 13.8 g·kg -1 PUFA (approximately 63% total fatty acids), which resulted in higher levels of PUFA (mainly linolenic and linoleic acids) in the IMF of the MLD. Our results are in accordance to the data from growing pigs fed fresh grass (Jakobsen, 1995) , grass silage (Świątkiewicz and Hanczakowska, 2007) and clover silage (Johansson et al., 2002) . In general, the relative levels of fatty acids in the tissues reflect the content of these fatty acids in the feed . This has been confirmed in feeds containing highly unsaturated components such as fish, rapeseed, linseed oil (Kouba and Sellier, 2011; Sobol et al., 2015) or highly saturated components such as tallow fat (Flachowsky et al., 2008; Raj et al., 2010) .
The low fat content in the MLD is important when considering the nutritive value of meat from pigs fed a grass meal diet. In our study, the IMF content of pigs fed the grass meal diet was low, which means lower concentrations of SFA and higher concentrations of MUFA and PUFA. The proportion of PUFA in the meat fat was higher in the pigs fed the GM diet, mainly due to the higher level of linolenic acid in the grass meal than in the commercial diet. Hansen et al. (2006) reported that pigs fed a diet with grass or clover silage have a higher concentration of PUFA, but a lower concentration of MUFA in the IMF. The MLD of pigs fed the grass meal diet had a lower IMF concentration and levels of SFA and palmitic acid, which are thought to be a public health risk.
The difference in the palmitic acid content between groups could be attributed to the different level of this fatty acid in the diet consumed by pigs (Valvo et al., 2005) .
Our study showed that the concentrations of SFA and MUFA in the MLD increased and, simultaneously, the concentration of PUFA decreased with increasing BW. Similar results were presented in the study by Kouba and Bonneau (2009) .
In the present study we found a tendency towards obtaining higher PUFA/SFA ratios in the IMF of the MLD when pigs were fed the diet supplemented with grass meal. Thus, from a nutritional point of view, the meat of these pigs was characterized by a favourable fatty acid profile for humans. The change in the PUFA/SFA ratio was in agreement with the study by Johansson et al. (2002) , who added red clover silage to the diet, and with the study by Jakobsen (1995) , who added fresh grass and herbs to the diet.
The higher concentration of C18:3 n-3 acid in the MLD of pigs fed the GM diet resulted in a tendency towards a lower linoleic/linolenic acid ratio compared with the C pigs. Similarly, Świątkiewicz and Hanczakowska (2007) showed that the PUFA n-6/n-3 ratio decreased by 2.4% in the backfat of pigs fed diets with grass silages compared with whole plant maize silage.
Conclusions
Pigs fed a commercial diet diluted with grass meal grew more slowly, but the carcass contained less fat and had a different fatty acid composition. The concentrations of saturated fatty acids, polyunsaturated fatty acids and the ratio of linoleic/linolenic acid in the musculus longissimus dorsi were more beneficial for humans when pigs were fed the grass meal than the commercial diet.
